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Background: Lay health workers (LHWs) play a pivotal role in addressing the high TB burden in Malawi. LHWs report
lack of training to be a key barrier to their role as TB care providers. Given the cost of traditional off-site training,
an alternative approach is needed. Our objective was to evaluate the effectiveness of a KT intervention tailored to
LHWs needs.
Methods: The study design is a pragmatic cluster randomized trial. The study was embedded within a larger trial,
PALMPLUS, and compared three arms which included 28 health centers in Zomba district, Malawi. The control arm
included 14 health centers randomized as controls in the larger trial and maintained as control sites. Seven of 14
PALMPLUS intervention sites were randomized to the LHW intervention (PALM/LHW intervention arm), and the
remaining 7 PALMPLUS sites maintained as a PALM only arm. PALMPLUS intervention sites received an educational
outreach program targeting mid-level health workers. LHW intervention sites received both the PALMPLUS intervention
and the LHW intervention employing on-site peer-led educational outreach and a point-of-care tool tailored to LHWs
identified needs. Control sites received no intervention. The main outcome measure is the proportion of treatment
successes.
Results: Among the 28 sites, there were 178 incident TB cases with 46/80 (0.58) successes in the control group,
44/68 (0.65) successes in the PALMPLUS group, and 21/30 (0.70) successes in the PALM/LHW intervention group.
There was no significant effect of the intervention on treatment success in the univariate analysis adjusted for
cluster randomization (p = 0.578) or multivariate analysis controlling for covariates with significant model effects
(p = 0.760). The overall test of the intervention-arm by TB-type interaction approached but did not achieve significance
(p = 0.056), with the interaction significant only in the control arm [RR of treatment success for pulmonary TB relative to
non-pulmonary TB, 1.18, 95% CI 1.05–1.31].
Conclusions: We found no significant treatment effect of our intervention. Given the identified trend for effectiveness
and urgent need for low-cost approaches to LHW training, further evaluation of tailored KT strategies as a means of
LHW training in Malawi and other LMICs is warranted.
Trial registration: ClinicalTrials.gov NCT01356095.
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Globally, 1.7 million lives were lost to TB in 2009 [1],
with mortality rates up to four times greater in individ-
uals co-infected with HIV [2]. Among the 20,342 new
TB case notifications in Malawi in 2010, approximately
two thirds were co-infected with HIV [3]. Despite on-
going efforts, poor adherence remains an important con-
tributor to the high TB burden in Malawi, with default
rates for TB and antiretroviral treatment as high as 16%
[4], and multidrug-resistant TB accounting for 2.3% of
new and 7.5% of recurrent TB cases [5].
An estimated 4.2 million skilled health care workers,
1.5 million in Africa alone, are needed to address the
chronic global shortage of skilled health workers [6].
Shifting of less complex health care tasks to lower cadres
of health workers, coined task-shifting, is an increasingly
employed strategy to addressing this shortage [7], par-
ticularly in low- and middle-income countries (LMICs).
Lay health workers (LHWs), who are ‘members of the
community who receive some training to promote
health and to carry out some health services but are not
healthcare professionals’ [8], are now widely involved in
healthcare in Africa. Although shown to improve access
to preventative and basic health services, and positively
impact some health outcomes [8,9], insufficient training
and supervision are recognized barriers to the effective-
ness of LHW programs [9]. Despite their widespread in-
volvement in healthcare, evidence on how LHW training
and supervision needs may best be met is lacking [7].
Although approaches to training in lay health worker
programs vary considerably [9], ongoing training fre-
quently involves removing LHWs from the workplace to
receive training off-site [10]. This approach is problem-
atic because it is expensive in terms of both financial
and opportunity costs [10] associated with the disrup-
tion of care provision. Given the resource implications
and lack of evidence for effectiveness of this approach to
ongoing training, research to design and evaluate alter-
native approaches to training are needed [7].
Malawi has among the lowest healthcare worker to
population ratios with 2.03 physicians and 36.8 nurses
per 100,000 population in 2009 [11]. In response to this
crisis, a variety of basic health care tasks have been
shifted to a formal cadre of paid lay health workers
termed health surveillance assistants including provision
of outpatient TB care and adherence support. At the
time of this study, pre-service training for general LHWs
consisted of 10 weeks of in-class training, with approxi-
mately 1 day devoted to TB control, transmission, and
treatment. A subgroup of LHWs, termed TB focus
LHWs, receive 2 weeks of additional TB specific training
and are responsible for the provision of TB care at the
health center level. TB focus LHWs recruit and train
general LHWs to assist with TB care. The content andduration of training is at the discretion of the individual
TB focus LHW and ranges from a 1–2 hour briefing to
several days working alongside the TB focus LHW while
they provide TB care.
LHWs have a pivotal role in addressing the high TB
burden in Malawi, with over 20,000 new TB notifications
in 2010 [3]. In a recent study we conducted with LHWs
in Zomba district, we found a lack of initial and ongoing
training to be the key barrier to LHWs in their role as
TB care providers and adherence supporters [12]. Given
the cost implications of the typical off-site training ap-
proach with over 10,000 LHWs currently working in
Malawi [11], an alternative is essential to ensure that
training needs are met. Based on the relative low cost
and proven success of knowledge translation (KT) strat-
egies, as a training and clinical support tool for mid-
level health workers in South Africa [13-15] and in the
KT literature in general [16,17], we aimed to determine
the effectiveness of a KT intervention tailored to address
the TB training needs of LHWs in Malawi using a clus-
ter randomized trial design.
Methods
Study design
We conducted a pragmatic cluster randomized trial to
evaluate the effectiveness of a knowledge translation
intervention tailored to the needs of LHWs to improve
TB treatment adherence. TB care is provided within a
given health center by LHWs on a rotating basis, with
LHWs assigned to the health center TB office in weekly
blocks at many health centers. As a result, patients typ-
ically receive care from a number of LHWs over their
course of treatment. For this reason, a cluster design,
with health centers as the unit of allocation and TB pa-
tients as the unit of analysis, was chosen in order to pre-
vent contamination and to optimize the benefits of the
intervention at the patient level.
Setting and participants
Our cluster randomized trial was embedded within a lar-
ger cluster trial, practical approach to lung health plus
HIV/AIDS in Malawi (PALM PLUS) [18]. The PALM
PLUS intervention employed an integrated guideline
adapted to Malawian protocols for adults with respira-
tory conditions, HIV/AIDS, tuberculosis, and other pri-
mary care conditions and a training program for [19]
mid-level health workers (nurses and clinical officers) in
Zomba district health centers. Of the 30 health centers
included in the larger trial, 28 routinely provided care to
TB patients and were eligible for inclusion in the present
study. In order to prevent contamination of the larger
study by introducing an intervention at control sites,
only the 14 PALM PLUS intervention sites were eligible
for allocation to the LHW intervention. All LHWs
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eligible and invited to participate in the intervention,
with refusal to participate the only exclusion criteria.
Randomization
Health centers were randomized into three arms: control
arm, PALM PLUS only arm, and PALM PLUS with
LHW intervention arm. The 14 PALM PLUS interven-
tion sites were randomly allocated centrally by a re-
search assistant using a computer-generated random
numbers list, stratified based on whether the health cen-
ters were antiretroviral therapy (ART) initiation sites at
the time of randomization. This stratification was chosen
as many LHWs involved in TB care, also provide ser-
vices to HIV patients, with the potential for LHWs at
ART initiation sites to have received additional clinical
skills training. Given the nature of the intervention,
blinding was not possible. The 14 remaining district
health centers involved in provision of care to TB pa-
tients remained control sites as previously allocated in
the PALM PLUS trial.
The study was approved by both the Malawi National
Health Sciences Research Committee and the University
of Toronto Research Ethics Board. Individual consent was
not required from health center staff, as the intervention
was developed in collaboration with and approved by the
national TB program, and while participation in training
is a routine expectation of health center staff, participants
were invited. As participation in work-related training is
often a requirement, it was made clear to LHWs that par-
ticipation in this project was optional and that non-
participation would not affect their job or performance
appraisal. All outcome data were taken from routinely col-
lected Ministry of Health records, with consent from indi-
vidual patients not required.
Intervention
The intervention was designed to address evidence on
risk factors for non-adherence from the literature and to
address a recognized gap in TB care provided by LHWs
in Malawi identified through stakeholder consultations,
field observation, and a qualitative study conducted with
LHWs providing TB care in Zomba district [12]. The
LHW intervention employed two KT strategies proven
effective in changing provider behavior, specifically edu-
cational outreach and reminders, with the goal of in-
creasing the uptake of evidence on barriers to adherence
and targeting these through changes in provider behav-
ior designed to address known barriers and improve
outcomes.
The educational outreach component employed peer
trainer-led on-site training, using a combination of di-
dactic and interactive techniques including case-based
discussions and role playing to efficiently provide TB-specific knowledge and adherence counseling skills and
to allow for practice and exchange of ideas between
LHWs. Topics were initially chosen based on the adher-
ence literature and expanded to address the training
needs identified by Zomba district LHWs in a prior study
conducted by our group [12]. Topics included: TB trans-
mission, natural history, treatment, and consequences of
poor adherence; the interaction of TB and HIV; and com-
mon barriers to adherence and appropriate methods for
preventing and addressing non-adherence (see detailed
description in Table 1). The second component was a
point-of-care clinical support tool (reminder) designed as
a laminated chart that can be folded and carried during
field visits or stand on the desk to be referenced during
patient interactions. One side of the tool provides a visual
reminder designed to trigger an adherence discussion dur-
ing patient interactions and provides clinical support for
management of side effects and a constructive approach
to addressing issues with adherence. The opposite side
uses simple pictorials to illustrate key messages used in
patient education and adherence counseling. The tool was
pilot tested with LHWs providing TB care at the district
hospital.
Peer LHW trainers were selected in consultation with
the district environmental health office. TB focus LHWs
are general LHWs who have received 2 weeks additional
TB specific training and are responsible for provision of
TB care at their health centers. General LHWs assigned
to assist in providing TB care are in turn trained by the
TB focus LHW with the content and duration of this
training left to the discretion of the TB focus LHWs.
Peer trainers participated in a 3-day training course in
March covering both the content of the training itself as
well as techniques for peer training. Trail registration
was delayed approximately 6 weeks, as contact was lost
with one of the trainers for almost 2 months during
which time we believed an alternate trainer would have
to be recruited and trained and as a result delay the trial
start date. However, contact was regained in mid-May
and the trial registered at this time, and data included
from the original planned start date.
Peer trainers were asked to provide a minimum of six
sessions of 60–90 minutes in length over a 2-month
period during regular work hours to all the general
LHWs routinely involved in provision of care to TB pa-
tients at their health centers. Timing of sessions was left
to the discretion of the trainer and their team. The train-
ing period was extended to 3 months to allow for a sec-
ond block of training at sites with large numbers of
LHWs. All trainers reported providing the minimum
number of sessions as outlined in the training manual,
with two trainers reporting providing additional sessions
to train additional providers or as makeup sessions for
LHWs who missed sessions. Training materials were






The intervention was designed to target a recognized gap in TB care provided by LHWs by targeting two common barriers to
adherence, patient disease understanding, and patient-provider relationship through improved LHW TB knowledge and skills in
patient education and adherence counseling.
Materials The educational outreach component utilized a combination of didactic and interactive techniques including case-based
discussions and role playing to efficiently convey TB-specific knowledge and adherence counseling skills and to allow for practice
with the point-of-care tool and exchange of ideas between LHWs. Topics included: TB transmission, natural history, treatment,
and consequences of poor adherence; the interaction of TB and HIV; and common barriers to adherence and approaches to
preventing and addressing non-adherence while maintaining a positive patient-provider relationship.
The point-of-care tool is designed as a laminated chart that can be folded and carried during field visits or stand on the desk to
be referenced during patient interactions. One side of the tool provides a visual reminder designed to trigger an adherence
discussion during patient encounters and provides clinical support for management of side effects and a constructive approach
to addressing issues with adherence. The opposite side uses simple pictorials to illustrate key messages used in patient education
and adherence counseling. The tool was pilot tested with LHWs providing TB care at the district hospital.
Both the training manual and point-of-care tool are available at Development and Evaluation of a Tailored Knowledge Translation
Intervention to Improve Lay Health Workers Ability to Effectively Support TB Treatment Adherence in Malawi. http://hdl.handle.
net/1807/35187
Procedures Peer-led educational outreach sessions occurred on-site at participants’ base health center during regular work hours. Peer
trainers provided a minimum of six sessions, each 60–90 minutes in duration, over a 3-month period.
Intervention
provider
TB focus LHWs, general LHWs with 2 weeks additional TB training who are responsible for TB care at the health center level,






Sessions took place at the LHWs base health center during regular work hours.
Intensity 6 sessions, each lasting 60–90 min, over a 3-month period.
Tailoring Additional sessions as makeups for staff that missed sessions, for extra practice as requested of the peer-trainer by the local TB team,
or to discuss difficult cases/share experiences within the LHW TB team, were left to the discretion of the peer trainers.
All sites reported meeting at least quarterly to discuss cases, and many reported making up sessions for staff that missed sessions
due to illness or leave.
Modifications Training period extended from 2 to 3 months to accommodate staff absences due to annual leave/illness.
Fidelity As this was a pragmatic trial, fidelity was not formally assessed due to concerns such assessment could act as boosters to the
intervention, which would not occur under real world conditions if scaled up.
Informal reports from peer trainers and LHW participants during quarterly meetings, field visits, and interviews in a companion
qualitative study indicated a small number of participants (estimated at 4–5) did not complete the full curriculum.
Ritchie et al. Implementation Science  (2015) 10:38 Page 4 of 10provided, but no incentives were provided to trainers
since training of general LHWs assigned to assist with
TB care is part of their usual job description, and pay-
ment of incentives would limit sustainability. Peer
trainers were brought together quarterly to provide an
opportunity to address any questions or concerns with
the research team and to allow for exchange of experi-
ences with the initial training and ongoing use of the
point-of-care tool.
Lay health workers in the control arms received the
usual training at the discretion of their TB focus LHWs.
The PALM PLUS intervention was designed for mid-level
health workers (nurses and clinical officers) and employed
an integrated guideline adapted to Malawian protocols for
adults with respiratory conditions, HIV/AIDS, tubercu-
losis, and other primary care conditions and trained mid-
level health workers in the use of the guideline through
peer-led on-site training sessions [19]. During the periodof the present study, LHWs were permitted to sit in on
PALM PLUS training sessions at some sites.
Data collection and outcome measures
Outcome data were obtained from routinely collected
Ministry of Health records and included TB patients
starting treatment in Zomba district on or after April 1,
2011 and whose treatment period ended on or before
March 31, 2012. Cards were digitized and double en-
tered by trained data entry clerks. Cases with no out-
come recorded on the TB treatment card were traced
back to the health center and updated using the out-
come recorded in the TB registers. As a large number of
cases also had no outcome noted in the TB register, TB
treatment cards were reviewed and the final outcome
updated based on the record of administered treatment.
TB outcomes were classified based on World Health
Organization definitions [20]. The primary outcome of
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fined as the combined total of cases cured and completing
treatment. Secondary outcomes of interest included: pro-
portion of default cases, the proportions of success and
defaults among patients co-infected with HIV, and weight
change as a surrogate marker of clinical improvement.
Sample size
An a priori sample size calculation was conducted to de-
termine the number of patients needed per cluster, based
on the binary outcome of TB treatment success, with an
alpha of 0.05 and power of 0.80. We estimated a treatment
effect size of a 0.15 increase in proportion in successful
treatment over the 0.78 successful treatment rate for usual
care based on published local treatment success rates and
findings of studies with LHWs as adherence supporters in
similar settings [21,22]. An intra-cluster correlation coeffi-
cient (ICC) of 0.1 was estimated as a mid-range value
from a list of ICCs from similar studies in terms of inter-
vention targets, outcomes, and units of randomization
[23]. Given these parameters and a total number of 28
clusters available for randomization, we calculated a re-
quired sample size of 14 patients per cluster, for a total of
392 patients. Based on the number of TB notifications per
year, a trial period of 1 year was anticipated to be suffi-
ciently long to accrue this sample size.
Statistical analysis
Analysis was by intention to treat, and results reported
according to the consort guidelines for pragmatic and
cluster randomized trials. Given the relatively small
number of clusters (health centers), the effectiveness of
randomization was evaluated through descriptive statis-
tical comparisons of baseline patient characteristics.
Inter-cluster correlations were calculated for outcomes
of interest, with adjustment for unequal cluster sizes
[24]. Univariate analysis of the primary outcome of inter-
est, treatment success, and the preplanned subgroup
analysis of treatment success by HIV status was con-
ducted using chi square analysis of proportions adjusted
for clustering [25] to reduce the risk of rejecting the null
hypothesis in error, known to be elevated with generalized
estimating equations (GEE) analysis with small sample
sizes [26]. As the ICC for treatment success by HIV status
was negative, an ICC of zero was assumed [27] and un-
adjusted chi square analysis was conducted. Given the in-
clusion of all three trial arms in the primary chi square
analysis, odds ratios and confidence intervals were esti-
mated using a GEE with trial arm as the only factor, in
order to provide an approximate measure of effect size
within the context of the overall chi square result. As odds
ratios may be inaccurate with common events, odds ratios
were converted to relative risks using the formula outlined
in 1998 by Zhang and Yu [28].Multivariate analysis of the primary outcome was con-
ducted using GEE to account for clustering in assessing
the effectiveness of the LHW intervention. The GEE uti-
lized a binary logistic model with robust (sandwich) co-
variance estimator and an exchangeable correlation
matrix to estimate the treatment effect as an odds ratio
and to test for significance. Odd ratios were again con-
verted to relative risk. The model for treatment success
was built systematically. First, the independent effect of
each pre-determined predictor on the outcome of inter-
est was examined with only the predictor and trial arm
in the model. Predictors with significant model effects
were retained in the final model.
Four health centers accruing no patient level data were
eliminated from analysis. This left one stratum with only
one cluster, which precluded a stratified analysis. To ad-
just for any effects of the stratification variable, strata
were assessed in the first step to be retained if signifi-
cant. Pair-wise contrasts were conducted to assess the
incremental effect of the LHW intervention over that of
the PALM PLUS intervention alone. TB outcomes were
not available for two cases in the control arm due to
poor visibility of the TB card. These cases were excluded
from the primary analysis and a sensitivity analysis con-
ducted to assess their potential impact on the effect of
the intervention.
Planned secondary analysis of proportion of default
cases could not be undertaken due to the small number
of events, <0.06 of cases. In addition, as both initial and
final body weights were recorded in less than 5% of
cases, analysis with weight change as a surrogate for
clinical improvement could not be conducted. All ana-




In addition to the 7 TB focus LHWs trained as peer
trainers who continued to provide patient care during
the study period, a total of 49 general LHWs were ini-
tially reported by peer trainers to have completed the
intervention training. This included all LHWs routinely
providing TB care at PALM PLUS with LHW interven-
tion sites at the start of the study and ranged from 3–12
per site, with all LHWs who started the training re-
ported by peer trainers to have completed the training.
However, this is likely an overestimate by 4–5, as 3 of 36
LHWs interviewed in a companion study reported that
they had not completed the training. Pre-post knowledge
assessment was not conducted due to concerns that
LHW fears about ‘testing’ would negatively impact par-
ticipation in the training. One trainer was laid off at the
end of the first quarter, and seven trained LHWs lost
over the course of the study (six transfers, one death).
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group, one to two times per quarter, beyond the initial
training period to share experiences, discuss challen-
ging cases, and to practice with the point-of-care tool
at less busy centers.
Baseline characteristics and study flow
Baseline characteristics were comparable across the
three trial arms (see Table 2), with proportion of pul-
monary TB cases relative to all TB cases, 0.58 in the
control group, 0.74 in the PALM PLUS only group, and
0.80 in the LHW intervention group, the only significant
difference (p = 0.027).
All 28 eligible health centers agreed to participate.
Four health centers accrued no eligible patients and
were eliminated from analysis (see Figure 1). TB out-
comes by trial arm are shown in Table 3. Records were
obtained for 178 eligible patients. Two cases could not
be reconciled due to poor visual quality of the TB treat-
ment cards (see Figure 1). Primary analysis was con-
ducted with these two cases eliminated and a sensitivity
analysis conducted to ascertain their potential impact.
Primary outcome
Results of a univariate analysis of the primary outcome
are presented in Table 4. The overall proportion of treat-
ment successes was 46/80 (0.58) in the control group,
44/68 (0.65) in the PALM PLUS alone group, and 21/30
(0.70) in the PALM PLUS with LHW intervention group.
There was no evidence for effect of the intervention in
the primary analysis adjusted for the effects of clustering
(p = 0.578). Pair-wise contrasts conducted using GEE
showed no significant difference between the three
groups with relative risks and approximate 95% confi-
dence intervals derived from GEE for the three compari-
sons as follows: PALM PLUS intervention alone relativeTable 2 Baseline characteristics by trial arm
Factors Control number (%) PAL
num
Cluster level
Number of health centers 12 7
ART initiation sites 3/12 2/7
Cluster size mean (range) 6.7 (1–15) 9.7 (
Patient level
Number of patients 80 68
Mean age in years (range) 37.0 (3–72) 39.3
Women 40/80 (50) 38/6
Incident TB cases 71/72 (99) 59/6
Pulmonary TB cases 45/78 (58) 50/6
HIV positive 29/63 (46) 24/5
6-month weight recorded 3/80 (4) 2/68to control RR 1.02, 95% CI (0.90–1.10), PALM PLUS
with LHW intervention relative to control RR 1.04, 95%
CI (0.96–1.11), and PALM PLUS intervention alone rela-
tive to PALM PLUS with LHW intervention RR 1.02,
95% CI (0. 95–1.08). Planned subgroup analysis of suc-
cess among HIV status groups, also found no effect of
the intervention (p = 0.91). Sensitivity analysis incorpor-
ating the two missing TB outcomes as successes or non-
success had no effect on the findings.
Consistent with the univariate analysis, analysis with
GEE controlling for gender, TB type, and a TB type by
intervention arm interaction term showed no significant
effect of the intervention on treatment success (p = 0.76);
see Table 5. Given the significant model effect found for
the interaction between trial arm and TB type despite an
overall non-significant result, we further investigated the
interaction through a post hoc analysis using GEE strati-
fied by trial arm. Results of the post hoc analysis agreed
with those of the full GEE with a significant effect of TB
type again found in the control arm only, RR for success
in the control arm for pulmonary TB relative to non-
pulmonary TB, 1.18, 95% CI (1.06–1.32). Again, sensitivity
analysis incorporating the two missing TB outcomes as
successes or non-success had no effect on the model or
pair-wise contrasts.
Discussion
Although treatment success rates were higher in both
intervention arms than in the control and highest in the
PALM PLUS and LHW intervention group, the differ-
ences did not reach statistical significance. While this
may represent a true finding, a number of other factors
may be responsible for our failure to detect a significant
effect of the intervention.
First, the lack of a significant difference may be an arte-
fact as our projected sample size was not attained due toM PLUS only
ber (%)







(1–84) 38.7 (5–73) .719
8 (44) 17/30 (43) .716
4 (92) 27/29 (93) .398
8 (74) 24/30 (80) .027
6 (43) 11/22 (50) .847
(3) 1/30 (3) .302
Figure 1 Details of progress of clusters and individuals through trial.
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fication rate during the trial period. The resultant loss of
statistical power may have reduced our ability to detect an
effect of the intervention. Second, it is possible that the
trial’s pragmatic design contributed to the lack of ef-
fectiveness where a more intensively supported pro-
gram may have been more successful. However, a
heavily supported program would not be feasible in the
resource-constrained Malawi health care system. Third,Table 3 TB treatment outcomes by trial arm
TB outcome Control group number (%)
Cure 8/80 (10)
Treatment complete 38/80 (48)
[Successa] [46/80 (58)]
Default 4/80 (05)
Lost to follow-up 15/80 (19)
Dead 11/80 (14)
Transfer out 2/80 (3)
Unknown 2/80 (3)
aSuccess defined as total of cases with outcomes of cure or treatment completion.it is possible that a significant effect was not found due
to a failure of implementation rather than lack of ef-
fectiveness of the intervention itself. In keeping with
our choice of a pragmatic design, we choose not to in-
clude a formal implementation outcome evaluation in
part due to the additional logistical burden it would im-
pose, which is unlikely to be feasible under real-world
implementation conditions (national scale up), but also
due to concerns from LHWs around some forms ofPALM PLUS only
group number (%)
PALM PLUS and LHW
intervention number (%)
13/68 (19) 8/30 (27)
31/68 (46) 13/30 (43)
[44/68 (65)] [21/30 (70)]
4/68 (06) 2/30 (07)
11/68 (16) 3/30 (10)
9/68 (13) 4/30 (13)
0 0
0 0






PALM PLUS and LHW intervention
number (proportion)
p value ICC
Proportion of success cases 46/80 (.58) 44/68 (.65) 21/30 (.70) 0.578 0.069
Success by HIV status
HIV positive 19/46 (41) 16/44 (36) 9/21 (43) 0.911a −0.045b
HIV negative 18/46 (39) 20/44 (45) 7/21 (33)
HIV unknown 9/46 (20) 8/44 (18) 5/21 (24)
aAdjusted for clustering.
bNegative ICC assumed to be zero therefore assessed with unadjusted chi square.
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of implementation were informally assessed where pos-
sible through feedback from participants during quarterly
meetings with peer trainers, field visits conducted by the
study team, and in a companion qualitative study (re-
ported elsewhere) conducted to assess LHWs experience
with the intervention and to identify areas for improve-
ment before wider implementation. While together, these
sources provide some information on implementation
outcomes they do not provide enough information to en-
sure that a failure of implementation is not responsible for
the non-significant findings. Although a formal implemen-
tation evaluation was not considered feasible for the
present study as outlined above, a more thorough imple-
mentation evaluation could be possible with appropriate
funding and tailoring of the implementation evaluation to
address the logistical challenges and socio-cultural context
of the implementation setting. Approaches that may facili-
tate a more thorough implementation evaluation in the
settings such as the present study include: incorporating
evaluation tasks into routine supervisory field visits and






PALM PLUS alone −0.468
TB type
Non-pulmonary TB −1.065
Trial arm × TB type
PALM PLUS and LHW intervention × non-pulmonary 1.312
PALM PLUS alone × non-pulmonary 0.435
Gender
Female −0.636participants about the purpose and of value evaluating
implementation.
Several additional occurrences during the course of
the trial may have diluted the impact of the intervention
and contributed to the findings. First, loss of trained
LHWs resulted in at least some provision of TB care by
untrained workers which may have diluted the potential
effects of the intervention. Second, treatment for TB/
HIV co-infected patients changed part way through the
trial reducing the pill burden on this group of patients
which is a known risk factor for non-adherence [29,30].
Third, another potential reason for the lack of effect is
that intervention failed to adequately address LHW
needs or failed to address other factors important to ad-
herence, such as patient-level factors, with the factors
addressed insufficient to make a significant change in
adherence. Finally, as the PALM PLUS intervention was
rolled out to the rest of the district in the second half of
the trial year and completed in most health centers in
the fourth quarter of the present trial, it is possible that
the impact of the PALM PLUS intervention on control




−1.815 to −0.314 0.005
0.341–2.283 0.008
−0.850–1.719 0.507
−1.006 to −0.267 0.001
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trict, our primary interest was in the additive effect of the
LHW intervention as compared to the PALM PLUS inter-
vention alone, with this comparison unaffected by the im-
plementation of PALM PLUS during the present trial.
Consistent with other reports, we found significant
model effects of gender with females more likely to suc-
cessfully complete treatment [31]. In addition, we found
a trend for an effect of TB type, significant only in the
control arm, with lower success rates among non-
pulmonary TB cases. A potential explanation for this find-
ing based on our perception that non-pulmonary TB was
generally less well understood by patients is that the en-
hanced patient education provided by intervention sites
eliminated the effect by improving patient TB disease
knowledge known to improve adherence [32,33]. Based on
theoretical grounds and the findings of others [33], we hy-
pothesized a significant effect of HIV co-infection. Inter-
estingly, no significant effect of HIV status alone or as an
interaction term was found. A variety of factors may have
contributed to this finding including the relative low HIV
positive rate for this region in the study population and
the change to a combined TB/ART medication which
equalized the pill burdens among the groups. The hypoth-
esized role of TB type in adherence and the present find-
ing suggest that further study is needed.
This study had several strengths. Randomization by
health center rather than at the level of the individual
provider minimized contamination. Inclusion of all dis-
trict health centers increased generalizability of the re-
sults. Employing a pragmatic design revealed a number
of challenges that suggest a need for increased supervi-
sion and support of trainers should this method of train-
ing be adopted.
There are several limitations to consider with our trial.
Peer trainers may have been motivated in part by a de-
sire to please the principle investigator who conducted
their training and may have been regarded as a mentor.
While this would not affect the outcomes of interest dir-
ectly, peer trainers may have worked harder than might
be otherwise expected. In addition, not all LHWs com-
pleted the training and several trained LHWs were lost
during the course of the study, which may have diluted
the effects of the LHW intervention. Finally, due to the
nature of the ministry of health TB records, outcome as-
sessors could not be blinded to health center. As a stan-
dardized approach was utilized in determining final
outcomes, we feel that this is unlikely to have impacted
the classification or findings.
Conclusions
In our study, we did not identify a significant effect of our
LHW KT intervention on TB treatment success; however,
a trend for effectiveness was evident, particularly whencombined with the PALM PLUS intervention. Given the
urgent need for low-cost approaches to LHW training to
ensure quality of services and improve health outcomes,
further evaluation of tailored KT strategies as a means of
LHW training in Malawi and other LMICs is warranted.
Competing interests
MZ, MS, AM, LPR, MvL, AC, and EM have been employed or provided
voluntary services to Dignitas International, a not for profit NGO. The authors
have declared that no competing interests exist. The authors alone are
responsible for the writing and content of the paper.
Authors’ contributions
All authors contributed to the study design. LPR led the design and
implementation of the intervention with help from MZ, MvL, MS, AC, AM,
and EM. LPR led the data collection and analysis with help from MZ, TM, and
ALCM. LPR was responsible for the initial draft of the manuscript. All authors
participated in critical revisions of the manuscript, read, and approved the
final manuscript.
Acknowledgements
We thank the LHW participants in the study, particularly the peer trainers, for
their hard work and commitment.
Funding
The study was funded by Dignitas International. ALCM was funded by an
unrestricted Merck fellowship in 2011 and a University of Sydney Fellowship
2012 to the present. MS is funded by a Canadian Institute of Health Research
applied chair in health services and policy research.
Author details
1Department of Medicine, University of Toronto, Toronto, Ontario, Canada.
2Department of Emergency Medicine, University Health Network, Toronto
General Hospital, RFE-GS-480, 200 Elizabeth St., Toronto, Ontario M5G 2C4,
Canada. 3Institute of Health Policy, Management and Evaluation, University of
Toronto, Toronto, Ontario, Canada. 4Dignitas International, Toronto, Canada.
5Sunnybrook Health Sciences Center, Toronto, ON, Canada. 6George Institute
for Global Health, Sydney, Australia. 7The University of Sydney, Sydney,
Australia. 8Dalla Lana School of Public Health, University of Toronto, Toronto,
Canada. 9Dignitas International, Zomba, Malawi. 10Faculty of Health Sciences,
University of Ottawa, Ottawa, Canada. 11National TB Control Program,
Ministry of Health, Lilongwe, Malawi. 12Knowledge translation unit, Lung
Institute, University of Cape Town, Cape Town, South Africa. 13Stellenbosch
University Faculty of Health Sciences, Tygerberg, South Africa. 14Depart of
Family Medicine, Western University, London, Ontario, Canada.
Received: 24 March 2014 Accepted: 6 March 2015
References
1. World Health Organization, Fact sheet on TB. [http://www.who.int/
mediacentre/factsheets/fs104/en/index.html]
2. Connolly C, Reid A, Davies G, Sturm W, Mc Adam KPWJ, Wilkinson D. Relapse
and mortality among HIV-infected and uninfected patients with tuberculosis
successfully treated with twice weekly directly observed therapy in rural South
Africa. AIDS. 1999;13:1543–7.
3. World Health Organization, Country TB profile, Malawi. [http://www.who.int/
gho/countries/mwi/country_profiles/en/index.html]
4. Government of Malawi Ministry of Health Quarterly HIV Programme Report:
October to December 2010.
5. World Health Organization. Global tuberculosis control: epidemiology,
planning, financing: WHO report 2009 (Document #: WHO/HTM/TB/2009.411).
Geneva: World Health Organization; 2009.
6. World Health Organization Global Health Workforce Alliance: About the
Alliance. [http://www.who.int/workforcealliance/about/en/]
7. World Health Organization Reproductive Health Library: Improving clinical
practice. Lay health workers in primary and community health care for
maternal and child health and the management of infectious diseases.
[http://apps.who.int/rhl/effective_practice_and_organizing_care/
Cd004015_Nkonkil_com/en/index.html]
Ritchie et al. Implementation Science  (2015) 10:38 Page 10 of 108. Lewin S, Munabi-Babigumira S, Glenton C, Daniels K, Bosch-Capblanch X,
Van Wyk BE, et al. Lay health workers in primary and community health care
for maternal and child health and the management of infectious diseases.
Cochrane Database Syst Rev. 2010;17(3):CD004015.
9. World Health Organization. A report by Uta Lehmann and David Sanders
School of Public Health University of the Western Cape (2007). Community
health workers: what do we know about them? The state of the evidence
on programmes, activities, costs and impact on health outcomes of using
community health workers. [http://www.who.int/hrh/documents/
community_health_workers.pdf]
10. World Health Organization, Global Health Workforce Alliance. Scaling up,
saving lives: ask Force for Scaling Up Education and Training for Health
Workers, Global Health Workforce Alliance. 2008. [http://www.who.int/
workforcealliance/documents/Global_Health%20FINAL%20REPORT.pdf]
11. World Health Organization. Task shifting to tackle health care worker
shortages. 2007. [http://www.who.int/healthsystems/task_shifting_booklet.pdf]
12. Puchalski Ritchie LM, Van Lettow M, Barnsley J, Chan AK, Joshua M,
Martiniuk ALC, et al. Evaluation of lay health workers’ needs to effectively
support TB treatment adherence in Malawi. Int J Tuberc Lung Dis.
2012;16(11):1492–7.
13. Lewin D, Dick J, Zwarenstein M, Lombard CJ. Staff training and ambulatory
tuberculosis treatment outcomes: a cluster randomized controlled trial in
South Africa. Bull World Health Organ. 2005;83:250–9.
14. Dick J, Lewin S, Rose E, Zwarenstein M, Van Der Walt H. Changing
professional practice in tuberculosis care: an educational intervention. J Adv
Nurs. 2004;48(5):434–42.
15. Fairall LR, Zwarenstein M, Bateman ED, Bachman M, Lombard C, Majara BP,
et al. Effect of educational outreach to nurses on tuberculosis case
detection and primary care of respiratory illness: pragmatic cluster
randomised controlled trial. Br Med J. 2005;331(7519):750–4.
16. Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, Bero L, et al.
Changing provider behavior: an overview of systematic reviews of
interventions. Med Care. 2001;39(8):II2–45. supp 2.
17. Baker R, Camosso-Stefinovic J, Gillies C, Shaw EJ, Cheater F, Flottorp S, et al.
Tailored interventions to overcome identified barriers to change: effects on
professional practice and health care outcomes (review). Cochrane Lib.
2010, (3). doi:10.1002/14651858.CD005470.pub2.
18. Schull MJ, Banda H, Kathyola D, Fairall L, Martiniuk A, Zwarenstein M, et al.
Strengthening health human resources and improving clinical outcomes
through an integrated guideline and educational outreach in resource-poor
settings: a cluster-randomized trial. Trials. 2010;11:118.
19. Schull MJ, Cornick R, Thompson S, Faris G, Fairall L, Burciul B, et al. From
PALSA PLUS to PALM PLUS: adapting and developing a South African
guideline and training intervention to better integrate HIV/AIDS care with
primary care in rural health centers in Malawi. Implement Sci. 2011;6:82.
doi:10.1186/1748-5908-6-82.
20. World Health Organization. Global tuberculosis control 2011. [http://
whqlibdoc.who.int/publications/2011/9789241564380_eng.pdf]
21. Clarke M, Dick J, Zwarenstein M, Lombard CJ, Diwan VK. Lay health worker
intervention with choice of DOT superior to standard TB care for farm
dwellers in South Africa: a cluster randomised control trial. Int J Tuberc
Lung Dis. 2005;9(6):673–9.
22. Ministry of Health Malawi, Health Metrics Network. Health information
systems assessment report, July 2009.
23. Health services unit, University of Aberdeen, Chief scientist office.
Methodological research: sample size calculator and database of ICC’S. [http://
www.abdn.ac.uk/hsru/research/delivery/behaviour/methodological-research/]
24. Parker DR, Evangelou E, Eaton CB. Intraclass correlation coefficients for
cluster randomized trials in primary care: the cholesterol education and
research trial (CEART). Contemp Clin Trials. 2005;26:260–7.
25. Donner A, Klar N. Design and analysis of cluster randomization trials in
health research. London: Arnold; 2000.
26. McCaffrey DF, Bell RM. Improved hypothesis testing for coefficients in
generalized estimating equations with small samples of clusters. Stat Med.
2006;24:4091–8.
27. Taylor P. An introduction to intraclass correlation that resolves some
common confusions. [http://www.faculty.umb.edu/pjt/09b.pdf]
28. Zhang J, Yu KF. What’s the relative risk? A method of correcting the odds
ratio in cohort studies of common outcomes. JAMA. 1998;280(19):1690–1.29. Bonolo P, César CC, Acúrcio FA, Ceccato M, De Pádua C, Álvares J, et al.
Non-adherence among patients initiating antiretroviral therapy: a challenge
for health professionals in Brazil. AIDS. 2005;19:S5–13.
30. Amuha MG, Kutyabami P, Kitutu FE, Odoi-Adome R, Kalyango JN. Non-
adherence to anti-TB drugs among TB/HIV co-infected patients in Mbarara
Hospital Uganda: prevalence and associated factors. African Health Sci.
2009;1(9):S8–15. S1.
31. Muture BN, Keraka MN, Kimuu PK, Kabiru EW, Ombeka VO, Oguya F. Factors
associated with default from treatment among tuberculosis patients in
Nairobi province, Kenya: a case control study. BMC Public Health.
2011;11:696.
32. Hill PC, Stevens W, Hill S, Bah J, Donkor SA, Jallow A, et al. Risk factors for
defaulting from tuberculosis treatment: a prospective cohort study of 301
cases in the Gambia. Int J Tuberc Lung Dis. 2005;9(12):1349–54.
33. Tekle B, Mariam DH, All A. Defaulting from DOTS and its determinants in three
districts of Arsi Zone in Ethiopia. Int J Tuberc Lung Dis. 2002;6(7):573–9.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
